Interaction of an oscillating membrane with a fluid is important because the wide variety of technological applications. A boundary element method has been employed for the analysis of a vibrating rectangular membrane in contact with a compressible fluid at rest. T he deformation modes of the membrane correspond to the vacuum case. For the calculation of the pressure jump over the membrane the Rayleigh's integral equation for the fluid pressure is employed taking into account the fluid-membrane interface boundary condition. Considering the membrane equation and applying a collocation method, the natural frequencies of the interacting system are obtained. T he influence of various parameters such as aspect ratio, fluid density and membrane dimension, on these frequencies are evaluated. Furthermore, the influence of the wave number on the fluid mass coefficient and the acoustic damping ratio are evaluated. The validity of the method is deduced when comparing the results obtained by other authors and theories.
Introduction
The influence of a fluid on the dynamic characteristics of a vibrating membrane has been studied for many years motivated by the solutions of engineering problems, see Jenkins et al. [2006] .These structures, with no flexural stiffness, are found in various applications, for example, architectural and civil structures, diaphragms in switches and sensors, biological prosthesis such as aortic valves , and satellite-based applications such as solar arrays, inflatable antennas and reflectors. Other applications of devices incorporating resonating membranes that are frequently used in MicroElectro-Mechanical Systems MEMS are: thermo-pneumatic membrane actuators, see Jeong et al [2000] , flow control valves, see Grosjean et al [1999] , valveless micro pumps, see Pan et al [2003] , micro ultrasonic transducers, see Caronti et al [2002] , and pressure sensors, see Defay et al [2002] .
The performance efficiency of these reflecting surfaces in space-based applications depends not only on the geometrical accuracy of the surface but also on their vibration characteristics, which are considerably affected by the surrounding medium due to their lightness. It is important then, in the development of these light and large structures, to have a method that estimates the effect that the surrounding fluid will have on the natural frequencies of the structure. In this way it can be avoided by testing the structure in a vacuum chamber, which for a large antenna or panel can be difficult and costly.
Investigation of the fluid-membrane or fluid-plate interaction problem has been done by many researchers. Kwak [1996 ] studied the hydro-elastic vibration of a rectangular plate concerned with the virtual mass effect on the natural frequencies and mode shapes of rectangular plates due to the presence of water on one side of the plate. Berry et al [1990] considered a general formulation for the sound radiation from rectangular baffled plates with arbitrary boundary conditions. Kerboua et al. [2008] analyzed the vibration of rectangular plates completely submerged or floating on the free surface of fluid. Crighton [1983] investigated the response of a fluid loaded membrane under a concentrated excitation force by the Green`s function. Erchiqui et al. [2015] who made a classification study of high strained membranes under loads of fluid pressure. The work of Gascón-Pérez [2017] where the vibroacoustic behavior of a membrane drum is analyzed by the application of a boundary element method.
The vibration of a rectangular membrane clamped along its edges and fully submerged in an infinite fluid (compressible or incompressible) is analyzed in this paper. Applying a boundary element method, taking into account the Rayleigh`s integral formulation for the fluid pressure and the equation of motion of the membrane, the frequencies of the coupled system are evaluated by a collocation method leading to an eigenvalue problem.
Finally the effects of fluid parameters such as density, and the membrane parameters such as membrane dimension and aspect ratio, on the free vibration response of the coupled system are investigated, as well as the variation of the fluid mass coefficient and the acoustic damping ratio with the wave number.
Problem Formulation
The rectangular membrane immersed in the fluid satisfies the equation, see Wang et al. [2014] :
Where T is the membrane tension, h t the membrane thickness, and m ρ the material density of the membrane. Fig.1 is represented by a rectangular membrane submerged in an infinite fluid and the characteristic dimensions that define it. If the momentum equation applied at the surface of the membrane is considered, the following boundary condition is obtained:
The membrane placed at the 0 z = plane, and x L , y L are the side lengths of the membrane.
If it is assumed that the motion is harmonic, the response of both the fluid and structure is of the form: W x y for a membrane clamped along its edges, have the general expression Wang [2014] ( , )
The indexes , m n represent the number of nodal lines in the , y x directions respectively. Considering the wave equation for the fluid pressure, equation (2.2) and the assumption of harmonic motion, equation (2.4), it is deduced:
Where k a ω ∞ = is the wave number.
Taking into account the boundary condition, equation (2.3), and if equations (2.4) and (2.5) are substituted, it is obtained:
Then the pressure distribution can also be expressed as a linear combination of the pressure modes:
( , , ) ( , , )
and now equation (2.8) can be expressed as:
Taking into account equations (2.9) and (2.7), the equation for the pressure mode n m P verifies:
Calculus of the pressure jump over the membrane
Considering the infinite fluid boundary and the membrane boundary, see Fig.1 , and applying the Rayleigh`s integral equation, the following expression is obtained for the pressure mode (from Refs. Crocker [2007] and Fahy [2001] 
be the kernel of the integral equation. The solution to equation (2.13) will be obtained approximately by applying a collocation method.
The membrane is divided into N N × rectangular panels . At the center of each panel or the collocation points whose coordinates are ( , ) 
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Taking its principal value, from Roussos [2014] , the following is obtained: 
Where x δ and y δ are the magnitude of the sides of each rectangular panel.
Thus finally the system of equations (2.15) is expressed as: Ω is the numerical integration of R Ψ In the matrix form this system of equations (2.21) can be expressed as:
So finally the modal pressure jump is given by
For solving the equation (2.1), the equations (2.4), (2.5) and (2.9) are considered and it is obtained: 
Where the coefficients of these matrices are expressed: , an iteration procedure is used to obtain the natural frequencies. These frequencies are obtained one by one, since the wave number depends on the frequency, while for an incompressible fluid 0 k = , all of them are obtained at the same time. The iteration procedure converges in two or three steps. Once the natural frequencies of the coupled fluid-structure are determined, the normal wet modes can be computed by determining the eigenvector { } i q and expressed as a linear combination of the normal modes of the structure in vacuum.
Results
For verification of the method, in Table 1 , the frequencies of a simply supported rectangular plate in contact with fluid and in vacuum, n lm f and n vm f , are compared with the results of Kwak [1996] that analyzes the Navmi factor of a rectangular plate, calculating the change in the natural frequencies of a thin rectangular plate in an aperture of an infinite rigid plane wall in contact with water (incompressible fluid) . For this case , the whole procedure is similar to that of the membrane and the equation (2.1) f corresponding with the plate in the vacuum, both expressed in Hz. As it can be observed from Table 1 , there is a slight difference in the results of the present method compared with that obtained by Kwak [1996] , depending on the mode considered for the different values of nodal parameters m and n , the validity of this method can be concluded.
It must be said that the case studied by Kwak is not exactly the same as the one considered here because the rectangular plate is situated in an aperture of an infinite rigid plane wall in contact with water and not fully filled submerged in water as in the present case. Furthermore, one can observe a great reduction in frequency in the wet case (with water) with respect to the vacuum case, and this reduction is higher, the lower the value of the mode considered, see Gascón-Pérez et al. [2015] . Finally, in Table 2 the oscillation frequencies of the rectangular membrane submerged in fluid (air) for the different modes of the membrane are presented , and are compared concerning the values in the vacuum case. The properties of the rectangular membrane, as side dimensions, thickness, tension and material, are the above considered. As it is deduced, the reduction in the frequency, with the membrane submerged in air that is a light fluid, is quite appreciable with respect to the vacuum case (see Fowler et al. [1987] ), and this reduction is higher the lower the value of the mode considered. These results are obtained for the case of air taking into account the compressibility effects, but they do not differ almost nothing in relation to the incompressible case. 
Conclusions
T he problem of interaction of a structure with fluid has been studied for the case of a rectangular membrane submerged in an infinite compressible fluid domain, as is the case with air. To accomplish that, a boundary element method has been employed and the acoustic field pressure of the fluid is calculated in order to obtain the membrane frequencies of vibration.
Results have been contrasted with those obtained by other authors and theories, showing thus the validity of this method. T he effect of several parameters of the rectangular membrane on its vibroacoustic response has been analyzed, in particular the variation of the frequency parameter with the membrane dimensions, geometric aspect ratio and fluid density. Furthermore the variation of the fluid mass coefficient and the damping ratio with respect to the wave number has been obtained. Finally, results are presented for the rectangular membrane submerged in air and compared regarding the vacuum case.
